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Description 

[0001] The present invention relates to an electron- 
emitting element emitting electrons utilizing the phe- 
nomenon of electric field electron emission, and to an 
image display device using such an electron-emitting el- 
ement. More particularly, the present invention relates 
to a thin image display device used, for example, for au- 
dio-visual equipment. 

[0002] Until now, mainly cathode ray tubes (CRTs)are 
used for displays (image display devices) such as color 
televisions or computer monitors. However recently, 
there is a need for ever smaller, lighter and thinner im- 
age display devices, and the development of new thin- 
ner image display devices is flourishing. 
[0003] This situation has led to research and devel- 
opment activities for several types of thin image display 
devices, and of these, the development of liquid crystal 
displays and plasma displays is particularly thriving. Liq- 
uid crystal displays find application in many products, 
such as portable computers, portable televisions, video 
cameras, and car navigation systems. Plasma displays 
find application in products such as 20-inch or 40-inch 
large displays. 

[0004] However, liquid crystal displays have the prob- 
lem that their viewing angle is narrow, and their re- 
sponse times are slow, whereas plasma display devices 
have the problem that they can hardly attain high bril- 
liance and their power consumption is large. As thin im- 
age display devices that solve these problems, image 
display devices utilizing the so-called "field emission" 
phenomenon, whereby electrons are emitted at regular 
temperatures in a vacuum, have had wide-spread atten- 
tion (such devices are referred to as "FEDs" in the fol- 
lowing). Such an FED is self-emitting, so that a broad 
viewing angle and a high brilliance can be attained. 
Moreover, its basic principle (using an electron beam to 
cause a phosphor to emit light) is the same as in con- 
ventional cathode ray tubes, so that an image with high 
color repeatability can be displayed naturally. 
[0005] As the electron-emitting elements for the FED, 
Spindt-type microchip-type electron-emitting elements, 
surface-conducting elements formed on a metal thin film 
or an oxide thin film, and MIM-type (or similarly struc- 
tured) electron-emitting elements have been proposed 
for example. 

[0006] In recent years, carbon-based materials, such 
as diamond, graphite, DLC (diamond-like carbon), and 
carbon nanotubes have gained wide-spread attention 
as electron-emitting materials for making electron-emit- 
ting elements. 

[0007] Such an electron-emitting element is dis- 
closed, for example, in Japanese Patent Applications 
Tokkai Hei 10-149760 and Tokkai Hei 10-12124. 
[0008] Figs. 8 and 9 are schematic cross-sectional 
drawings of a first conventional electron-emitting ele- 
ment (see Tokkai Hei 10-149760). The electron-emitting 
element in Fig. 8 is made be applying purified carbon 



nanotubes 101 made by arc emission to a support sub- 
strate 102 made of a synthetic resin (Fig. 8A), and then 
applying a resist and forming a pattern in accordance 
with the layout of the electron-emitting portions 103 by 

s lithography, so that electron-emitting portions 1 03 made 
of carbon nanotubes 1 01 are formed on the support sub- 
strate 102 (Fig. 8B). In this case, the carbon nanotubes 
101 on the support substrate 102 lie one upon another 
like fallen trees, as shown in Fig. 9. 

w [0009] When an electric field is applied to the carbon 
nanotubes 101 patterned into an electron-emitting por- 
tion 103 in such an electron-emitting element, electrons 
are emitted by the carbon nanotubes 1 01 . 
[0010] Fig. 10 is a schematic cross-sectional drawing 

15 of a second conventional electron-emitting element (see 
same Tokkai Hei 10-149760). The electron-emitting el- 
ement in Fig. 10 includes a support substrate 111, a 
cathode wiring layer 112 disposed on the support sub- 
strate 111, and an electron-emitting portion 116 dis- 

20 posed on the cathode wiring layer 112. The electron- 
emitting portion 116 includes a conductive convex por- 
tion 114 formed in a portion of a conductive material lay- 
er 113, and a plurality of carbon nanotubes 115 partially 
buried in the tip of the conductive convex portion 114. 

25 [0011] The following is an explanation of a method for 
manufacturing this second conventional electron-emit- 
ting element. First, a substrate of a silicon single-crystal 
is prepared, and a female mold substrate for the con- 
ductive convex portion 114 is formed by anisotropic 

30 etching. Carbon nanotubes 1 1 5 are disposed in this con- 
cave portion, a conductive material such as tungsten is 
deposited on top of it by sputtering, and a conductive 
material for wiring is sputtered on top of that. Then, the 
female mold substrate is removed, resulting in an elec- 

35 tron-erhitting element as shown in Fig. 10. 

[0012] In this electron-emitting element, the electron- 
emitting carbon nanotubes 115 are arranged at the tip 
of the conductive convex portion 114, where an electric 
field tends to concentrate, so that a large electric field 

40 can be generated with a small driving voltage, and the 
electron-emitting carbon nanotubes 115 emit electrons 
efficiently. 

[0013] Fig. 11 is a schematic cross-sectional drawing 
of a third conventional electron-emitting element (Tokkai 

45 Hei 10-121 24). The electron-emitting element shown in 
Fig. 11 is formed as follows. First, an aluminum film 122 
is formed by, for example, vapor deposition on a flat 
glass substrate 121. Then, the aluminum film 122 is 
rinsed, and an insulating film 123 is formed by an anode 

50 oxidation process. After this process, the bottom portion 
of the pores 124 formed during the anode oxidation 
process are etched all the way to the aluminum film 122 
by anisotropic RIE etching. In an electrocoloring proc- 
ess, a nickel metal catalyst 125 is buried in the pores 

55 124, and successively a heating process is performed 
at 1150°C in a mixed atmosphere of methane gas and 
hydrogen to generate and grow carbon nanotubes 126. 
With these steps, electron-emitting carbon nanotubes 
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126 can be orientationally aligned with high precision, 
and arranged to form an electron-emitting element with 
sharp tips. 

[0014] With such an electron-emitting element, the 
carbon nanotubes 1 26 can be orientationally aligned in- 
to a shape with sharp tips, so that an electric field can 
be concentrated effectively at the electron-emitting ma- 
terial to attain an electron-emitting element with high ef- 
ficiency. 

[0015] However, the conventional electron-emitting 
element shown in Fig. 8 has the following problems. 
First of all, if carbon nanotubes 101 are applied to the 
support substrate 102 by a method such as printing, 
since the carbon nanotubes 101 have a rod-like longish 
molecular shape, they lie one upon another like fallen 
trees, as shown in Fig. 9, when attached to the support 
substrate 102. In this situation, the orientation of the 
electron-emitting carbon nanotubes 101 poses the 
problem that the tips, which are the most important for 
the electron emission, are partially buried. Thus, when 
a voltage is applied to the electron-emitting element, the 
electric field does not concentrate effectively, so that an 
efficient electron-emitting element is not attained. More- 
over, forcing the carbon nanotubes 101 to assume an 
upright position with respect to the support substrate 
1 02, by press-inserting or burying it is extraordinarily dif- 
ficult to let each and every molecule of the countless 
carbon nanotubes 101 stand upright on the support sub- 
strate 102. 

[0016] Moreover, in the conventional electron-emit- 
ting element shown in Fig. 10, with the manufacturing 
method described above, the carbon nanotubes 1 1 5 are 
arranged on a concave portion and a conductive mate- 
rial is sputtered on top of them, so that the carbon nan- 
otubes 115 are buried inside the tip of the conductive 
convex portion 114. Thus, even when the electric field 
concentrates in the conductive convex portion 114, the 
electric field does not sufficiently concentrate on the car- 
bon nanotubes 115 themselves, so that an effective 
electron-emitting element is not attained. Moreover, the 
step for forming the conductive convex portion 114 itself 
is complicated, and there is a limit to the size of the sil- 
icon substrate, so that this is not a process that can be 
performed inexpensively for large substrates. Moreover, 
it is difficult to suppress irregularities of the convex 
shape, and there are problems with regard to reliability 
and production cost. 

[0017] Moreover, in the conventional electron-emit- 
ting element shown in Fig. 1 1 , the carbon nanotubes 1 26 
stand upright on the glass substrate 1 21 , so that an elec- 
tron emission due to an electric field concentration can 
be attained. However, since the source for this electron 
emission is buried in the insulating film 123, when the 
electron emission begins, the surface of the insulating 
film 123 starts to charge electrically, which changes the 
electric field, so that emission of electrons becomes un- 
stable and an effective electron emission is not attained. 
Moreover, it is also possible to let the carbon nanotubes 



126 protrude somewhat from the pores 1 24, but it is dif- 
ficult to control the protrusion amount of the carbon na- 
notubes 126 during the step of molecule growth, and 
large variations occur easily. Moreover, since this step 

5 is performed at temperatures above 1 000°C, there is the 
problem that regular glass sheets do not withstand such 
high temperatures, so that there are limitations with re- 
gard to the material and the size of the substrates, which 
leads to the same problems with regard to efficiency, 

10 reliability and costs as above. 

[0018] With the aforementioned problems of the prior 
art in mind, and in consideration of favorable properties 
when being used for image display devices in particular, 
it is an object of the present invention to provide a carbon 

« ink containing an electron-emitting component and an 
electron-emitting element, to which the carbon ink is ap- 
plied in an inexpensive printing step suitable for mass 
production, the electron-emitting element having good 
electric field emission efficiency, being driven with low 

20 driving voltages, and being able to emit electrons even 
at a low degree of vacuum. It is a further object of the 
present invention to provide a method for manufacturing 
such an electron-emitting element. It is also an object of 
the present invention to provide an improved electron- 

25 emitting element used in an image display device. 
[0019] It is another object of the present invention to 
provide a high-resolution image display device with high 
image quality and efficiency including such an improved 
electron-emitting element. 

30 [0020] To realize these objects, an inventive carbon 
particle composition is provided. One embodiment of 
the present invention is an inventive carbon ink made 
into a paste with an organic binder and a solvent com- 
prises carbon particles having a 6-membered carbon 

35 ring, and support particles for supporting the carbon par- 
ticles, wherein the size of the support particles is smaller 
than a longitOdinal length of the carbon particles. 
[0021] An electron-emitting element in accordance 
with the present invention is made by applying, to pre- 

40 determined positions of a conductor patterned onto a 
substrate, a carbon ink made into a paste with an organ- 
ic binder and a solvent, the ink comprising (i) carbon par- 
ticles having a 6-membered carbon ring, and (ii) support 
particles for supporting the carbon particles, wherein the 

45 size of the support particles is smaller than a longitudinal 
length of the carbon particles and firing the ink. When 
the ink is applied to a substrate, the support particles 
support some of the carbon particles so as to stand in 
a substantially upright orientation with respect to the 

50 substrate. In this situation, the support particles contact 
the carbon particles only at portions of the surface of the 
carbon particles. 

[0022] With the carbon ink and the electron-emitting 
element in accordance with the present invention, car- 
55 bon particles having a 6-membered carbon ring and 
serving as an electron-emitting material are made into 
a paste with an organic binder and a solvent Thus, they 
can be applied in specified positions and scope on a 
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substrate or the cathode wiring, using an inexpensive 
method suitable for mass production, such as printing. 
Since, in this configuration, support particles are includ- 
ed that support the carbon particles, the carbon particles 
are supported by the support particles, so that they do 
not fail down on the substrate and lie one on top of the 
other, and many carbon particles are in an upright ori- 
entation with respect to the substrate. Moreover, by fir- 
ing the ink after applying it, the organic binder and the 
solvent decompose, and carbon particles remain adher- 
ing to the conductor on the substrate. Moreover, the car- 
bon material including 6-membered carbon rings is a 
good electrical conductor, and its work function is low, 
so that if in a vacuum environment an electric field is 
applied to the carbon particles of the electron-emitting 
element in accordance with the present invention, the 
carbon particles emit electrons along the force lines of 
the electric field. Since many carbon particles are in an 
upright orientation with respect to the substrate surface, 
an electric field tends to concentrate at the edges of the 
individual carbon particles, so that the emission of nu- 
merous electrons can be achieved with a weaker elec- 
tric field, i.e. a lower driving voltage. Consequently, in 
accordance with the present invention, an electron- 
emitting element with high electron emission efficiency 
can be obtained with an inexpensive process suitable 
for mass production, such as printing, so that an elec- 
tron-emitting element is obtained that can be suitably 
used for an image display device. 
[0023] In the carbon ink and the electron-emitting el- 
ement in accordance with the present invention, the size 
of the support particles on the substrate is smaller than 
a longitudinal length of the carbon particles. With this 
configuration, after the carbon ink has been applied to, 
for example, the substrate, the carbon particles enclose 
the support particles, but because their longitudinal 
length is longer than the size of the support particles, 
they do not form a film on the support particles, so that 
it can be ensured with better reliability that numerous 
carbon particles stand in an upright orientation on the 
substrate to which they have been applied. Conse- 
quently, in accordance with the present invention, it can 
be ensured with high reliability that an electron-emitting 
element is obtained, having electron-emitting portions 
with high efficiency, so that an electron-emitting element 
suitable for an image display device can be obtained. 
[0024] In the carbon ink and the electron-emitting el- 
ement in accordance with the present invention, it is 
preferable that the support particles are selected from 
the group consisting of a self-combustible powder that 
decomposes into a gas when heated or burned, and a 
thermally decomposing foaming agent powder. With this 
configuration, the ink is fired after it has been applied, 
and not only the organic binder and the solvent, but also 
the support particles are decomposed, so that only the 
carbon particles remain adhering to the conductor of the 
substrate in an upright orientation with respect to the 
substrate. The carbon material having a 6-membered 



carbon ring is a good electrical conductor, the potential 
■ of the conductor spreads through the entire aggregation 
of carbon particles, and the electric field reaches even 
the voids after the support particles have been decom- 
s posed, so that the electron emission efficiency can be 
improved even further. 

[0025] In the carbon ink and the electron-emitting el- 
ement in accordance with the present invention, it is 
preferable that decomposition temperature of the com- 

10 bustible powder and the decomposition temperature of 
the thermally decomposing foaming agent powder is 
lower than the decomposition temperature of the organ- 
ic binder. With this configuration, the combustible pow- 
der or the thermally decomposing foaming agent pow- 

's der are decomposed first, while the organic binder main- 
tains numerous carbon particles in an upright orientation 
with respect to the substrate during the firing after the 
carbon ink is applied. Thus, the condition where numer- 
ous carbon particles stand in an upright orientation with 

20 respect to the substrate to which they are applied can 
be realized with better reliability. Consequently, in ac- 
cordance with the present invention, it can be ensured 
with better reliability that an electron-emitting element 
is obtained, having electron-emitting portions with high 

25 efficiency, so that an electron-emitting element suitable 
for an image display device can be obtained. 
[0026] In the electron-emitting element in accordance 
with the present invention, it is preferable that, in an ag- 
gregation of carbon particles, voids having a size in the 

so range of 0.05 to 5 urn have been formed by decompos- 
ing the support particles. With this configuration, the car- 
bon particles form aggregations enclosing voids of sizes 
in this range, so that even more carbon particles stand 
in an upright orientation on the substrate, and the influ- 

35 ence of the electric field extends into the inside of the 
aggregations, which improves the electron emission ef- 
ficiency even further. 

[0027] In the carbon ink and the electron-emitting el- 
ement in accordance with the present invention, it is 

40 preferable that the carbon particles include carbon na- 
notubes. With this configuration, the carbon nanotubes 
do not only have a high electron emission efficiency due 
to their longish, rod-like molecule shape, but in conjunc- 
tion with the present invention, many carbon nanotubes 

45 are supported by the support particles, and assume an 
upright orientation with respect to the substrate to which 
they adhere, so that electric fields tend to concentrate 
even better at the tip of the carbon nanotubes, which 
leads to an even higher efficiency. Consequently, in ac- 

so cordance with the present invention, it can be ensured 
with better reliability that an electron-emitting element 
is obtained, having electron-emitting portions with high 
efficiency, so that an electron-emitting element suitable 
for an image display device can be obtained. 

55 [0028] In the carbon ink and the electron-emitting el- 
ement in accordance with the present invention, it is 
preferable that the carbon particles include graphite. 
Graphite is an inexpensive material that is easy to obtain 



7 



EP 1 020 888 B1 



8 



industrially, but its efficiency of electron emission in an 
electric field is not as high as that of carbon nanotubes. 
However, by combining it with the present invention, nu- 
merous graphite particles are supported by the support 
particles, and can be adhered in an upright orientation 
with respect to the substrate to which they have been 
applied, so that electric fields tend to concentrate at the 
tip of the graphite crystals, which leads to a higher elec- 
tron emission efficiency. Consequently, in accordance 
with the present invention, it can be ensured with better 
reliability that an electron-emitting element is obtained, 
having electron-emitting portions with high efficiency, so 
that an electron-emitting element suitable for an image 
display device can be obtained. 
[0029] Moreover, if carbon fibers made into graphite 
powder are used for the carbon particles of the present 
invention, the directionality of the carbon particle clus- 
ters is improved, which has the effect of enhancing the 
efficiency. 

[0030] A method for manufacturing an electron-emit- 
ting element in accordance with the present invention 
comprises filling the above-described carbon ink at least 
into a patterned concave board; transferring the carbon 
ink filled into the patterned concave board to a blanket; 
and transferring the carbon ink transferred to the blanket 
to a substrate. With this configuration, the carbon ink 
can be transferred and applied reliably on the substrate 
or the cathode wiring, even when carbon particles, sup- 
port particles and organic binder with different particle 
sizes are mixed in the carbon ink. Moreover, numerous 
carbon particles are applied in an upright orientation 
with respect to the substrate, i.e. in the same condition 
in which the carbon ink is filled in the concave board. As 
a result, in accordance with the manufacturing method 
of the present invention, an electron-emitting element 
having electron-emitting portions with high efficiency is 
obtained in an inexpensive process suitable for mass 
production, so that an electron-emitting element suita- 
ble for an image display device can be obtained. 
[0031] Using the carbon ink and the electron-emitting 
element of the present invention, ft is possible to make 
an image display device. In a first configuration, an im- 
age display device for forming images by causing a 
phosphor layer to emit light with electrons emitted from 
electron-emitting elements includes a vacuum contain- 
er; a phosphor layer; a substrate provided with a cath- 
ode wiring made of a patterned conductor; and electron- 
emitting elements made by applying, to predetermined 
positions of the substrate, a carbon ink made into a 
paste with an organic binder and a solvent, the ink com- 
prising (i) carbon particles tiaving a 6-membered carbon 
ring, and (ii) support particles for supporting the carbon 
particles, wherein the size of the support particles is 
smaller than a longitudinal length of the carbon particles 
and firing the ink. The cathode wiring is patterned into 
stripes. The phosphor layer has electrically separated 
stripes that are arranged in a plane parallel to the stripes 
of the cathode wiring and extend substantially perpen- 



dicular to the stripes of the cathode wiring. The image 
display device is matrix-driven between the stripes of 
the phosphor layer and the stripes of the cathode wiring. 
With this configuration of an image display device, form- 

s ing electron-emitting elements at the matrix intersec- 
tions formed by the stripes of the cathode wiring and the 
stripes of the phosphor layer, and temporally changing 
the potential of each of the stripes in accordance with 
an image to be displayed causes electrons to be emitted 

10 onlyfrom electron-emitting elements atthe intersections 
where the electric field between the stripes exceeds a 
value at which the electron-emitting element emits elec- 
trons, whereby the phosphor layer temporally emits light 
only at predetermined portions, so that, as a result, an 

15 image can be displayed. The electron-emitting element 
of the present invention can be manufactured in a proc- 
ess that is inexpensive and suitable for mass produc- 
tion, and its efficiency is high, so that the image display 
device configured as described above similarly can be 

20 manufactured in a process that is inexpensive and suit- 
able for mass production, and has high efficiency. 
[0032] In a second configuration, an image display 
device for forming images by causing a phosphor layer 
to emit light with electrons emitted from electron-emit- 

25 ting elements includes a vacuum container; a phosphor 
layer; a substrate provided with a cathode wiring made 
of a patterned conductor; electron-emitting elements 
made by applying, to predetermined positions of the 
substrate, a carbon ink made into a paste with an organ- 

30 ic binder and a solvent, the ink comprising (i) carbon par- 
ticles having a 6-membered carbon ring, and (ii) support 
particles for supporting the carbon particles, wherein the 
size of the support particles is smaller than a longitudinal 
length of the carbon particles and firing the ink; and gate 

35 electrodes arranged between the phosphor layer and 
the substrate. The cathode wiring is patterned into 
stripes. The gate electrodes have electrically separated 
stripes that are arranged in a plane parallel to the stripes 
of the cathode wiring and extend substantially perpen- 

40 dicular to the stripes of the cathode wiring. The image 
display device is matrix-driven between the stripes of 
the phosphor layer and the stripes of the cathode wiring. 
With this configuration of an image display device, form- 
ing electron-emitting elements at the matrix intersec- 
ts transformed by the stripes of the cathodewiring andthe 
stripes of the gate electrodes, and temporally changing 
the potential of each of the stripes in accordance with 
an image to be displayed causes electrons to be emitted 
onlyfrom electron-emitting elements atthe intersections 

so where the electric field between the stripes exceeds a 
value at which the electron-emitting element emits elec- 
trons, whereby the phosphor layer temporally emits light 
only at predetermined portions, so that, as a result, an 
image can be displayed. The electron-emitting element 

55 of the present invention can be manufactured in a proc- 
ess that is inexpensive and suitable for mass produc- 
tion, and its efficiency is high, so that the image display 
device configured as described above similarly can be 
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manufactured in a process that is inexpensive and suit- 
able for mass production, and has high efficiency. 
[0033] It is preferable that the image display device 
according to the present invention further comprises 
control electrodes between the phosphor layer and the 
gate electrodes, the control electrodes functioning to fo- 
cus or to focus and deflect an electron beam. The elec- 
tron-emitting element of the present invention has a very 
high electron emission efficiency, so that its application 
area can be small, and since it can be patterned in a 
printing step, when it is applied at the matrix intersec- 
tions, it can be regarded as a dot in comparison to the 
size of the pixels of the phosphor layer. Applying to this 
configuration the principle that light from one point can 
be focussed by simple optical means on one point, the 
focussing operation of the control electrode plate focus- 
es the electron beam emitted by one point on one point 
on the phosphor layer corresponding to the electron-op- 
tical image plane, within the scope of aberrations. Thus, 
the spot size on the phosphor layer can be reduced, 
thereby attaining an image display device with a higher 
image resolution. Moreover, if this configuration is fur- 
ther provided with a deflection function, such a deflec- 
tion function can scan a small focused spot over a plu- 
rality of phosphor pixels and let these phosphor pixels 
emit light, improving the resolution even further/Thus, 
with this configuration, an image display device can be 
obtained, that can be manufactured in an inexpensive 
process suitable for mass production, that has high ef- 
ficiency and improved resolution. 
[0034] In the image display device of the present in- 
vention, it is preferable that the substrate is integrated 
into the vacuum container. Combining the substrate and 
the vacuum container into one member, reduces mate- 
rial costs and facilitates the assembly process, which 
makes the image display device even less expensive. 

Fig. 1 is a cross-sectional drawing of an electron- 
emitting element according to a first embodiment of 
the present invention. 

Fig. 2 is a cross-sectional drawing of an electron- 
emitting element according to a second embodi- 
ment of the present invention. 
Fig. 3 is a diagram illustrating a method for manu- 
facturing an electron-emitting element in accord- 
ance with the present invention. 
Fig. 4 is a cross-sectional drawing of carbon ink 
filled into a concave portion. 
Fig. 5 is an exploded view of an image display de- 
vice in accordance with a fourth embodiment of the 
present invention. 

Fig. 6 is an exploded view of an image display de- 
vice in accordance with a fifth embodiment of the 
present invention. 

Fig. 7 is a cross-sectional drawing showing how an 
image display device in accordance with the 
present invention operates. 
Fig. 8 is a schematic cross-sectional drawing of a 



first conventional electron-emitting element. 
Fig. 9 is a more detailed cross-sectional drawing 
showing the structure of a first conventional elec- 
tron-emitting element, 
s Fig. 1 0 is a schematic cross-sectional drawing of a 
second conventional electron-emitting element. 
Fig. 11 is a schematic cross-sectional drawing of a 
third conventional electron-emitting element. 

to [0035] The following is a description of the preferred 
embodiments, with reference to the accompanying 
drawings. In these embodiments, corresponding mem- 
bers have been given the same numbers, and are only 
explained where necessary, so as to avoid double ex- 
's planations. 

First Embodiment 

[0036] Fig. 1 is a schematic cross-sectional drawing, 
20 showing an electron-emitting element according to a 
first embodiment of the present invention. Fig. 1Asche-. 
matically shows the electron-emitting element of the 
present invention with carbon ink applied to it, and Fig. 
1B schematically shows the electron-emitting element 
25 after the ink has been fired. In the electron-emitting el- 
ement in Fig. 1 , numeral 1 denotes carbon particles, and 
numeral 2 denotes support particles, which are made of 
a material that decomposes into gas during a firing step. 
Numeral 3 denotes an organic binder, numeral 4 de- 
30 notes a substrate, and numeral 5 denotes a cathode wir- 
ing. 

[0037] The carbon ink of the present embodiment 
contains carbon particles including a 6-membered car- 
bon ring, and is made into a paste with the organic bind- 
as er 3 and a solvent. The carbon ink comprises the support 
particles 2, which support the carbon particles 1. When 
this carbon ink is applied beforehand to predetermined 
positions of the substrate 4 with the cathode wiring 5, 
the carbon particles 1 do not fall down onto the substrate 
4, as can be seen in Fig. 1A, and numerous carbon par- 
ticles 1 remain in an upright orientation with respect to 
the substrate 4. To apply the carbon ink, the ink's prop- 
erties can be taken advantage of, and the ink can be 
applied in a certain pattern with a printing method, so 
•*s that manufacturing is possible with few steps and suit- 
able for mass production. In the drawing, the carbon par- 
ticles are drawn as rod-shaped particles, to make the 
operation of the present invention clear. Moreover, if the 
substrate 4 is conductive, the cathode wiring 5 does not 
so necessarily have to be provided, as long as the electron- 
emitting carbon particles 1 can be supplied with current. 
[0038] Next, the entire element including the carbon 
ink as shown in Fig. 1 A is fired. After the firing, the or- 
ganic binder 3 and the support particles 2 are decom- 
55 posed, for example, by burning, and only the carbon par- 
ticles 1 remain attached to the substrate 4 or the cathode 
wiring 5 in an upright orientation with respect to the sub- 
strate 4, as shown in Fig. 1 B. Voids 6 are formed where 
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the support particles were. 

10039] As a material for the support particles 2, which 
are decomposed in the firing step, a pulverized material 
with a predetermined average particle size having self- 
combustibility, such as cellulose nitrate, or a powder of 
a thermally decomposing foaming agent having azodi- 
carboamide or dinitroso pentamethylene tetramine as a 
main component, i.e. a material decomposing into gas 
when heated, can be used. 
[0040] If isobutylmethacrylate, poly- a -methylsty- 
rene, polymethylmethacrylate, polytetrafluoroethylene, 
or another depolymerizing resin is used as a material 
for the organic binder 3. it can be burned away sufficient- 
ly by heating and firing, and since the inherent strength 
of the carbon particles 1 is high, they do not come off 
after the firing, and a favorable condition is attained. 
[0041] Furthermore, if butylcarbitol or isobutylcarbitol 
is used in a suitable amount as a solvent when using 
the organic binder 3, the ink viscosity can be adjusted, 
and a suitable carbon ink for the printing step can be 
attained. 

[0042] The electron-emitting element, formed and 
configured as described above, functions as follows. 
When an electric field is applied from the top in Fig. 1 B, 
the electric field concentrates at the tips of the carbon 
particles 1 , which stand upright with respect to the sub- 
strate 4, such as the carbon particles 7a to 7h in the 
drawing. The carbon material including a 6-membered 
carbon ring is characterized in that it is a good electrical 
conductor, and has a low work function, so that it starts 
to emit electrons at low electric field strengths, and if the 
electric field is concentrated at their tip as in the present 
invention, a large current is emitted in proportion to the 
concentration of the field. For a regular electric field 
electron emission, a concentration of the electric field 
leads to a considerable rise of the electron emission ef- 
ficiency, as is shown by 



b 

I = a£ 2 e £ 

wherein I is the emission current, E is the electric field, 
and a and b are constants. 

[0043] Since the drawings are, for simplification, 
schematic cross-sectional drawings, only a moderate 
number of the tips 7a to 7h of the carbon particles sub- 
mitted to the concentration of the electric field are shown 
in the drawings, but in fact, there are very numerous car- 
bon particles 1 arranged upright with respect to the sub- 
strate 4, so that there is no exhaustion and variation of 
carbon particles 1 during the electron emission. 
[0044] As has been explained above, with the carbon 
ink and the electron-emitting element of the present in- 
vention, carbon particles 1 including a 6-membered car- 
bon ring as the electron-emitting material are made into 
an ink, which can be applied with an inexpensive meth- 
od suitable for mass production, such as printing onto a 



substrate 4 or a cathode wiring 5 while specifying posi- 
tion and extent. Moreover, by firing the ink applied to the 
substrate 4 or cathode wiring 5, numerous carbon par- 
ticles 1 remain in an upright orientation with respect the 

s substrate 4, without falling down on the substrate 4, so 
that due to the effect of the concentrated electric field, 
even with a weak electric field, i.e. a low driving voltage, 
numerous electron emissions can be attained. Conse- 
quently, with this invention, an electron-emitting element 

10 with high electron emission efficiency can be attained 
with a printing step, which is inexpensive and is suitable 
for mass production, so that an electron-emitting ele- 
ment suitable for an image display device can be ob- 
tained. 

« [0045] Good results can be attained if carbon nano- 
tubes are used for the carbon particles 1 in the carbon 
ink and the electron-emitting element of the present em- 
bodiment. Carbon nanotubes have been discovered re- 
cently, together with other new carbon crystalline mate- 

20 rials, such as fullerenes. Carbon nanotubes are cylindri- 
cal and include 6-membered carbon rings. The diameter 
of the carbon nanotubes is several nm to several dozen 
nm, and their length can exceed several urn. If the car- 
bon nanotubes are pulverized and used for the carbon 

25 particles 1 of the carbon ink of the present invention, not 
only is their electron emission efficiency high because 
of their rod-like longish molecule shape, but since they 
adhere to the substrate 4 to which they are applied more 
effectively in an upright orientation, the electric field can 

30 be concentrated better at the tip of the carbon nano- 
tubes, which display the best known electron emission 
properties, so that an even higher efficiency can be ex- 
pected. 

[0046] It is also possible to use graphite powder for 

35 the carbon particles 1 . Graphite has 6-ring-membered 
crystals aligned on a sheet, and has scale-shaped par- 
ticles. Graphite is an inexpensive material that is easy 
to obtain industrially, but since electron emission effi- 
ciency is determined by the molecule shape, its efficien- 

<o cy is not as high as that of carbon nanotubes. However, 
by combining it with the present invention, numerous 
graphite particles can be adhered in an upright orienta- 
tion with respect to the substrate 4 to which they have 
been applied. The inventors have observed that for car- 

« bon materials with 6-membered carbon rings, such as 
graphite, the portions where the 6-membered carbon 
rings are broken, i.e. at the edge of the scale-shaped 
particles, the electron emission can be attained most 
easily. Consequently, if graphite is used for the carbon 

so particles 1 of the present invention, the electric field can 
be concentrated at the edges of the graphite crystals, 
and the graphite can be used as a material having high 
electron emission efficiency. 
[0047] Moreover, if carbon fibers made into pulverized 

55 graphite are used for the carbon material, the direction- 
ality of the carbon particle clusters is improved as is the 
case for carbon nanotubes, which has the effect of en- 
hancing the efficiency. 
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[0048J Moreover, the decomposition temperature for 
the support particles 2, which are decomposed by heat- 
ing or burning, in the carbon ink and the electron-emit- 
ting element of this embodiment is set to be lower than 
the decomposition temperature of the organic binder 3. 
If the organic binder 3 and the support particles 2 are 
eventually decomposed by firing, an electron-emitting 
element having the effect of the present invention can 
be obtained. In this example, the support particles 2 are 
decomposed first, while the organic binder 3 maintains 
numerous carbon particles 1 in an upright orientation 
with respect to the substrate 4 during the firing after the 
carbon ink is applied. Thus, the condition where numer- 
ous carbon particles 1 stand in an upright orientation 
with respect to the substrate 4, as shown in Fig. 1 , can 
be realized reliably. 

[0049] Furthermore, the height of the support parti- 
cles 2 (referred to as "size of the support particles 2" in 
the following) in the carbon ink or the electron-emitting 
element of the present embodiment is selected to be 
smaller than the length of the carbon particles 1 in the 
longitudinal direction. Here, "longitudinal direction" 
means the length of the rods in the case of rod-shaped 
particles, such as carbon nanotubes or carbon fibers, or 
the length of the longest side in the case of scale-shaped 
particles, such as graphite powder. When the carbon ink 
has been applied to the substrate 4, the carbon particles 
1 enclose the support particles 2. If, in this situation, the 
size of the support particles 2 is much larger than the 
longitudinal length of the carbon particles 1, the carbon 
particles 1 become like a film on the support particles 2, 
lessening the effect of the electric field concentration. 
However, if the longitudinal length of the carbon parti- 
cles 1 is selected to be longer than the support particles 
2, the carbon particles 1 will not form a film on the sup- 
port particles 2, and more carbon particles will assume 
an upright orientation with respect to the substrate 4 to 
which they have been applied. If the size of the support 
particles 2 is too small, the effect of the present invention 
is decreased, so that it is preferable that the size of the 
support particles 2 is at least half the longitudinal length 
of the carbon particles 1. 

[0050] Moreover, as for the specific size of the carbon 
particles 1, if the carbon particles 1 are too short, the 
overall irregularities even out, so that the effect of the 
electric field concentration is decreased, and if the car- 
bon particles 1 are too long, precise patterning with a 
printing step becomes difficult, so that preferably, the 
carbon ink has carbon particles with a length of 0.1 to 
10 jim. 

[0051] The size of the support particles 2 should be 
chosen to be in the range of 0.05 urn to 5 urn, depending 
on the size of the carbon particles 1 . A spherical shape, 
without directionality, is effective to let as many carbon 
particles 1 as possible stand up against the substrate 4. 
However, the support particles of the present invention 
are not limited to spherical shapes, and other shapes of 
a certain thickness, such as rectangular solid, cube- 



shaped, pyramidal, conical, truncated pyramidal etc., 
are also possible, as long as they can let the carbon par- 
ticles 1 stand upright with respect to the substrate 4, re- 
gardless of their orientation. 

s [0052] With this configuration, an electron-emitting el- 
ement can be obtained, which is formed by applying car- 
bon particles 1 having a 6-membered carbon ring on a 
substrate 4 or on a cathode wiring 5 provided on a sub- 
strate 4, and which has voids of a size in the range of 

10 0.05 urn to 5 urn inside the aggregation of the carbon 
particles 1. 

[0053] Moreover, this embodiment has been ex- 
plained for the case that one group of carbon particles 
1 functions as one independent electron-emitting ele- 

is ment. However, needless to say, if the number of elec- 
trons emitted by one group of carbon particles 1 is in- 
sufficient to be used for an electron beam, it is also pos- 
sible to combine a plurality of groups of carbon particles 
1 to form one electron emission source. 

20 [0054] Moreover, the drawings show the case where 
the carbon particles 1 all have the same size and the 
support particles 2 all have the same size, but the same 
effect as explained above can be obtained if particles 1 
and 2 of different sizes are mixed, within the preferable 

25 range of sizes, because numerous particles 1 and 2 are 
present in the same application portion. 

Second Embodiment 



30 [0055] Fig. 2 is a schematic cross-sectional drawing 
of an electron-emitting element in accordance with a 
second embodiment of the present invention. Fig. 2 
shows the element, after a carbon ink of the present in- 
vention has been applied to it and fired away. The aspect 

as that is different form the first embodiment of the present 
invention is that the support particles are made of a ma- 
terial that does not decompose or bum away during the 
manufacturing steps. The following explanations use 
the same numbers for the same elements as in the first 

40 embodiment, in order to avoid duplicate explanations, 
and focus on the differences to the first embodiment of 
the present invention. 

[0056] In the electron-emitting element shewn in Fig. 
2, numeral 1 denotes carbon particles, numeral 8 de- 

•« notes support particles not decomposed by the firing 
step, numeral 4 denotes a substrate, and numeral 5 de- 
notes a cathode wiring. Numerous carbon particles 1 
are attached to the substrate 4 in an upright orientation 
with respect to the substrate 4. However, in contrast to 

so the first embodiment, the support particles 8 remain af- 
ter the firing. 

[0057] For the support particles 8, a material should 
be used that does not decompose in the firing step, for 
example particles of an inorganic material such as 
55 glass, alumina or silica, or metal particles of aluminum, 
titanium, gold or nickel. 

[0058] The following isan explanation of theoperation 
of an electron-emitting element, formed and configured 
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as described above. When an electric field is applied 
from the top in Fig. 2, the electric field concentrates at 
the tips of the carbon particles, which stand upright with 
respect to the substrate 4, such as the carbon particles 
7a to 7h in the drawing, so that a high electron emission 
efficiency can be attained. As the support particles 8 re- 
main even after the firing, the influence of the electric 
field is a little weaker than in the first embodiment, but 
the support particles 8 also stabilize the upright orienta- 
tion of the carbon particles 1 with respect to the sub- 
strate 4 in all production steps, and enhance the relia- 
bility as the support particles 8 add to the adherence 
strength even after the burning. 
[0059] Now, all structural elements and operational 
effects that have not been explained for this embodi- 
ment are the same as explained for the first embodi- 
ment, so that their further explanation has been omitted. 

Third Embodiment 



[0060] Fig. 3 is a diagram illustrating the principle of 
a part of a method for manufacturing an electron-emit- 
ting element in accordance with the present invention. 
An electron-emitting element made with the manufac- 
turing method of this embodiment has basically the 
same configuration as the electron-emitting element of 
the first and second embodiments noted above (see 
Figs. 1 and 2). The following is an explanation ofameth- 
od for applying carbon ink by offset printing, which is a 
printing process characteristic for the present invention, 
and is part of the manufacturing process. 
[0061] As shown in Fig. 3A, a concave board 1 1 hav- 
ing concave portions 12 in a suitable predetermined pat- 
tern is prepared, and the concave board 11 is filled with 
carbon ink 13. The concave portions 12 of the concave 
board 11 can be filled easily by dripping a suitable 
amount of carbon ink 1 3 into them, or applying the car- 
bon ink 13 with, for example, a squeegee 14. 
[0062] Then, the carbon ink 1 3 filled into the concave 
portions 12 is transferred to a blanket 15, as is shown 
in Fig. 3B. If silicone rubber is used for the transfer sur- 
face of this blanket 15, suitable transfers can be per- 
formed, as silicone rubber has good chemical resist- 
ance and is a soft material. Moreover, if the concave 
board 11 is flat, and the ink transfer face of the blanket 
15 is arc-shaped, the carbon ink 13 can be transferred 
simply by pressing and rolling the blanket 15 over the 
concave board 11. 

[0063] Then, the carbon ink 1 3, which has been trans- 
ferred to the blanket 15, is transferred to a substrate 4 
(see Figs. 1 and 2), on which the electron-emitting ele- 
ment is to be formed, as shown in Fig. 3C. At this time, 
the carbon ink 13 can be applied on the substrate 4 with 
very high precision, for example if all positional refer- 
ences are aligned, i.e. if the positional reference of two 
orthogonal sides of the board, the pattern of the concave 
portions 12 in the concave board 11, the blanket 15 and 
the substrate 4 are aligned. 



[0064] Using the above-noted printing step, the car- 
bon ink 1 3 can be transferred and applied reliably on the 
substrate 4, even when carbon particles 1 , support par- 
ticles 2 (8) and organic binder 3 with different particle 

5 sizes are mixed in the carbon ink 13. 

[0065] One of the surprising effects of the present in- 
vention is that by filling sufficiently mixed carbon ink 13 
into concave portions 12 of a concave board 11 having 
a predetermined depth, numerous carbon particles 1 

n stand upright with respect to the substrate 4 to which 
the ink is applied, in the same orientation into which they 
had been filled into the concave portions 12. This orien- 
tation is shown in Fig. 4. Without disturbing the condition 
in which the structural elements, such as the carbon par- 
ts tides 1 , the support particles 2 (8), and the organic bind- 
er 3 of the carbon ink 1 3 are intermingled during the fill- 
ing, numerous carbon particles 1 are mixed in an upright 
position in the concave portion 12, as shown in Fig. 4. 
Consequently, in conjunction with the configuration of 

20 the carbon ink 1 3 of the present invention, the effect of 
this method is better than when another printing method 
is used. Moreover, to apply the carbon ink 13 with the 
above-noted printing step is inexpensive and suitable 
for mass production. Consequently, with the manufac- 

25 turing method of the present invention, an electron-emit- 
ting element is attained having electron-emitting por- 
tions with high efficiency that are formed in an inexpen- 
sive step suitable for mass production, so that a favora- 
ble electron-emitting element used for an image display 

so device can be attained. 

[0066] It is preferable that there is no blurring during 
the transfer, and that the particles in the carbon ink 13 
are arranged in several layers, so that suitable printing 
results and an electron-emitting element with high effi- 

35 ciency can be attained if the depth of the concave por- 
tion 12 is selected to be in the range of 5 urn and 40 urn, 
depending on the size of the carbon particles 1 . 

Fourth Embodiment 

40 

[0067] The following is an explanation of an image 
display device using an electron-emitting element ac- 
cording to a fourth embodiment of the present invention, 
with reference to the accompanying drawings. The elec- 

45 tron-emitting element used for the image display device 
of this embodiment has basically the same configuration 
as the electron-emitting element of the first or the sec- 
ond embodiment noted above (see Figs. 1B and 2), so 
that structural details of the electron-emitting element 

so are omitted, and it is simply referred to as "electron-emit- 
ting element". 

[0068] Fig. 5 is an exploded perspective view showing 
the configuration of an image display device using an 
electron-emitting element according to the present in- 
55 ventton. The image display device shown in Fig. 5 in- 
cludes a front panel 31 , a rear panel 32, a phosphor lay- 
er 33 formed on the inside surface of the front panel 31 , 
an anode wiring 34 of electrically separated stripes con- 
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tacting the phosphor layer 33, a substrate 36, a cathode 
wiring 35 of a suitably patterned conductor formed on 
the substrate 36, and a plurality of electron-emitting el- 
ements 37. 

[0069] A vacuum container is formed by the front pan- 5 
el 31 and the rear panel 32, and the other structural el- 
ements are enclosed inside this vacuum container. A 
vacuum of about 10" 6 to lO-^orr (ca. 10" 4 to lO^Pa) is 
maintained in the vacuum container. The front panel 31 
is made of a transparent member, so that light emitted « 
from the phosphor layer 33 can he observed from the 
outside. However, the entire vacuum container does not 
have to be transparent, and the rear panel 32 can be 
made of any material that is suitable for maintaining a 
vacuum. is 
[0070] The phosphor layer 33 is made, for example, 
by applying a phosphor material that emits light when 
irradiated with an electron beam onto the inside surface 
of the front panel 31. If the image display device is a 
monochrome display, it is sufficient to apply a single 20 
phosphor material of a certain emission color on the in- 
side surface of the front panel 31 , but in case of a phos- 
phor layer 33 for a color display, black stripes are applied 
to the inside surface of the front panel 31. and then a 
multitude of phosphor stripes is applied to the inside sur- 25 
face of the front panel 31, for example, in the order red 
(R), green (G) and blue (B). Such phosphor stripes can 
be formed on the front panel 31 with a direct printing 
process, such as offset printing, a transfer process, such 
as printing on a resin sheet and transferring the printed 30 
pattern by heat or pressure, or with a lithography proc- 
ess, as for a conventional cathode ray tube. 
[0071] The anode wiring 34 contacts the phosphor 
layer 33 and is electrically separated into stripes. It is 
sufficient if the pitch of the stripes is the predetermined 35 
display dot pitch of the image display device, and it 
should be matched to the R, G, and B phosphor stripes 
in the case of a color display. If a transparent conductive 
material such as ITO (indium tin oxide) is used as a ma- 
terial for the anode wiring 34, it does not block the light <to 
emitted from the phosphor layer 33. 
[0072] The cathode wiring 35 is disposed on the sub- 
strate 36, and is patterned into stripes that are arranged 
in a plane parallel to the stripes of the anode wiring 34 
and extend substantially perpendicular to the stripes of *5 
the anode wiring 34. The aforementioned ITO can be 
used for the material for the cathode wiring 35, but the 
cathode wiring 35 does not necessarily have to be made 
of a transparent material, and it can also be patterned, 
for example, by printing a conductive paste, such as sil- so 
ver paste or gold paste, or photo-etching a wiring pattern 
after forming a conductive film, for example made of 
metal, on the substrate 36. 

[0073] A plurality of electron-emitting elements 37 are 
arranged on the cathode wiring 35 at each intersection 55 
between the stripe-shaped anode wiring 34 and the 
cathode wiring 35. The specific structure of the electron- 
emitting elements 37 is the same as in the electron-emit- 



ting element of the first and the second embodiment not- 
ed above (see Figs. 1B and 2), so that a further expla- 
nation of their configuration and manufacturing method 
has been omitted. 

[0074] The stripe-shaped cathode wiring 35 and the 
anode wiring 34 contacting the phosphor layer 33 drive 
the matrix rows and columns in the image display device 
configured as described above and since the electron- 
emitting elements 37 are arranged at the intersections 
of the matrix, the electron-emitting elements 37 at pre- 
determined intersections can be caused to emit elec- 
trons, in accordance with the potential difference be- 
tween the stripe-shaped rows and columns. For exam- 
ple, if a certain selected stripe in the anode wiring 34 is 
set to high voltage and all other stripes are set to a volt- 
age lower than that high voltage, and if a certain select- 
ed stripe in the cathode wiring 35 is set to low voltage 
and all other stripes are set to a voltage higher than that 
low voltage, then a strong electric field is generated only 
at the intersection of the selected stripes. Starting with 
this strong electric field, electrons are emitted only at 
certain predetermined intersections, and only at posi- 
tions of the phosphor layer 33 corresponding to these 
intersections are electrons accelerated to collide with 
the phosphor so that the phosphor emits light. If the ap- 
plied voltage changes temporally in accordance with the 
image display, it is possible to cause only predetermined 
portions of the phosphor layer to emit light temporally, 
whereby an image can be displayed. 
[0075] Since the electron emission efficiency of the 
electron-emitting element 37 of the present invention is 
high, the matrix driving voltage applied between the an- 
ode wiring 34 and the cathode wiring 35 can be kept low, 
and an image display device of high efficiency can be 
realized with a small driving circuit, and, as another sur- 
prising effect of the present invention, an inexpensive 
image display device with high efficiency can be ob- 
tained. 

[0076] The present embodiment has been explained 
for the case that the substrate 36 and the rear panel 32 
are separate members. However, it is also possible to 
form the cathode wiring 35 and the electron-emitting el- 
ements 37 directly on the rear panel 32. In this case, the 
substrate 36 is integrated into the rear panel 32, which 
is part of the vacuum container, so that by combining 
them into one member, material costs can be reduced 
and the assembly process is facilitated, which makes 
the image display device even less expensive. 

Fift Embodiment 

[0077] The following is an explanation of an image 
display device using an electron-emitting element ac- 
cording to a fifth embodiment of the present invention. 
The electron-emitting element used for the image dis- 
play device of this embodiment has basically the same 
configuration as the electron-emitting element of the first 
or the second embodiment noted above (see Figs. 1B 
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and 2), so that structural details of the electron-emitting 
element are omitted, and it is simply referred to as "elec- 
tron-emitting element". Moreover, detailed explanations 
of structural elements that are the same as in the image 
display device of the fourth embodiment have been 5 
omitted. 

[0078] Fig. 6 is an exploded perspective view showing 
the configuration of an image display device using an 
electron-emitting element according to the present in- 
vention. The image display device shown in Fig. 6 in- 10 
eludes a front panel 41 , a rear panel 42, a phosphor lay- 
er 43 formed on the inside surface of the front panel 41 , 
a substrate 46, a cathode wiring 45 of a suitably pat- 
terned conductorformed on the substrate 46, gate elec- 
trodes 44 for controlling the emission of electrons ar- <5 
ranged between the phosphor layer 43 and the sub- 
strate 46, and a plurality of electron-emitting elements 
47. 

[0079] A vacuum container is formed by the front pan- 
el 41 and the rear panel 42, and the other structural el- so 
ements are enclosed inside this vacuum container. 
Moreover, a vacuum of about 10-« to lO^torr (ca. 1(H 
to 1 0^Pa) is maintained in the vacuum containerformed 
by the front panel 41 and the rear panel 42. 
[0080] The cathode-wiring 45 is patterned into stripes, 25 
and the gate electrodes 44 have electrically separated 
stripes that are arranged in a plane parallel to the stripes 
of the cathode wiring 45 and extend substantially per- 
pendicular to the stripes of the cathode wiring 45. 
Through holes 48 for electron beams emitted from the 30 
electron-emitting elements 47 are formed in the gate 
electrodes 44. Then, the electron-emitting elements 47 
are arranged on the cathode wiring 45 at the intersec- 
tions between the stripe-shaped cathode wiring 45 and 
the gate electrodes 44. 35 
[0081] The material for the front panel 41 and the rear 
panel 42, as well as the specific configuration of the 
phosphor layer 43, the cathode wiring 45, and the elec- 
tron-emitting elements 47 can be the same as for the 
image display device of the above-noted fourth embod- to 
iment {see Fig. 5), so.that further explanations regarding 
their structure and manufacturing methods have been 
omitted. 

[0082] The stripe-shaped cathode wiring 45 and the 
gate electrodes 44 drive the matrix rows and columns « 
in the image display device configured as described 
above, and since the electron-emitting elements 47 are 
arranged at the intersections of the matrix, the electron- 
emitting elements 47 at predetermined intersections 
can be caused to emit electrons, in accordance with the so 
potential difference between the stripe-shaped rows 
and columns. For example, if a certain selected stripe 
of the gate electrodes 44 is set to high voltage and all 
other stripes are set to a voltage lower than that high 
voltage, and if a certain selected stripe in the cathode 55 
wiring 45 is set to low voltage and all other stripes are 
set to a voltage higher than that low voltage, then a 
strong electric field is generated only at the intersection 



of the selected stripes. Starting with this strong electric 
field, electrons are emitted only at certain predeter- 
mined intersections, pass the electron beam through 
holes 48 provided in the gate electrodes 44, and only at 
positions of the phosphor layer 43 corresponding to 
these intersections are electrons accelerated to collide 
with the phosphor so that the phosphor emits light If the 
applied voltage changes temporally in accordance with 
the image display, it is possible to cause only predeter- 
mined portions of the phosphor layer to emit light tem- 
porally, whereby an image can be displayed. 
[0083] Since the electron emission efficiency of the 
electron-emitting elements 47 of the present invention 
is high, the matrix driving voltage applied between the 
gate electrodes 44 and the cathode wiring 45 can be 
kept low, and an image display device of high efficiency 
can be realized with a small driving circuit, and, as an- 
other surprising effect of the present invention, an inex- 
pensive image display device with high efficiency can 
be obtained. 

[0084] Fig. 7 is a cross-sectional drawing of an exam- 
ple of an image display device of this embodiment, fur- 
ther provided with an electrode plate 51 for focusing 
electron beams. Numeral 49 denotes a quasi-dot- 
shaped electron-emitting element, and numeral 50 de- 
notes the trajectory of an electron emitted by the quasi- 
dot-shaped electron-emitting element 49. The other 
structural elements are substantially the same as in the 
above-noted configurations, so that the same structural 
elements have been provided with the same numbers, 
and their further explanation has been omitted, focuss- 
ing on the aspects that are different and the operation 
of the electrode plate 51 . 

[0085] The electron-emitting element 49 of the 
present invention has a very high electron emission ef- 
ficiency, so that its application area can be small, and 
since it can be patterned in a printing step, when it is 
applied at the intersections between the gate electrodes 
44 and the cathode wiring 45, it can measure only a frac- 
tion of the surface area of a pixel of the phosphor layer, 
so that it can be regarded practically as a dot (i.e. quasi- 
dot-shaped). 

[0086] The electrons emitted from the quasi-dot- 
shaped electron-emitting elements 49 initially assume 
divergent electron trajectories 50, as shown in Fig. 7. 
However, similar to the principle that light from one point 
can be focussed by simple optical means on one point, 
the focussing operation of the electrode plate 51 focus- 
es the electron beam emitted by the quasi-dot-shaped 
electron-emitting elements 49 on substantially one point 
on the phosphor layer 43 corresponding to the electron- 
optical image plane, within the scope of aberrations. 
Thus, the spot size on the phosphor layer 43 can be re- 
duced, thereby attaining a higher image resolution. 
[0087] Moreover, if this configuration is further provid- 
ed with a deflection function, such a deflection function 
can scan a small focused spot over a plurality of phos- 
phor pixels and let these phosphor pixels emit light, so 
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that the number of display pixels can be increased to be 
larger than the number of electron-emitting elements 49, 
enabling a high resolution of the displayed image, even 
when the density of the electron-emitting element 49 
cannot be increased over a certain level, because of 5 
structural limitations for the above-noted matrix struc- 
ture. Consequently, this configuration has the surprising 
effect that an inexpensive image display device having 
high efficiency can be obtained, which has even higher 
resolution. to 
[0088] The present embodiment has been explained 
for the case that the substrate 46 and the rear panel 42 
are separate members. However, it is also possible to 
form the cathode wiring 45 and the electron-emitting el- 
ements 47 directly on the rear panel 42. In this case, the « 
substrate 46 is integrated with the rear panel 42, which 
is part of the vacuum container, so that by combining 
them into one member, material costs can be reduced 
and the assembly process is facilitated, which makes 
the image display device even less expensive. 20 



Claims 

1. Acarboninkmadeintoapastewithanorganicbind- 25 
er and a solvent, the carbon ink comprising: 

carbon particles including a 6-membered car- 
bon ring and 

support particles for supporting the carbon par- 30 
tides, wherein the size of the support particles 
is smaller than a longitudinal length of the car- 
bon particles. 

2. The carbon ink of claim 1, characterized in that 35 
the support particles are made of self-combustible 
powder that decomposes into a gas when heated 

or burned or of a thermally decomposing foaming 
agent powder. 

40 

3. The carbon ink of claim 2, characterized in that 

the decomposition temperature of the support par- 
ticles is lower than the decomposition temperature 
of the organic binder. 

45 

4. The carbon ink of claim 1, characterized in that 
the carbon particles comprise at least one of the 
group consisting of carbon nanotubes, graphite, 
and carbon fibers made into graphite powder. 

so 

5. An electron-emitting element, to which the carbon 
ink of claim 1 is applied at predetermined positions 
of a conductor that has been patterned on a sub- 
strate, and fired. 

55 

6. The electron-emitting element of claim 5, charac- 
terized in that in an aggregation of the carbon par- 
ticles, voids having a size in the range of 0.05 to 5 



urn have been formed by decomposing the support 

7. A method for manufacturing an electron-emitting el- 
ement, comprising: 

filling the carbon ink of claim 1 into a patterned 
concave board; 

transferring the carbon ink filled into the pat- 
terned concave board to a blanket; and 
transferring the carbon ink transferred to the 
blanket to a substrate. 

8. An image display device for forming images by 
causing a phosphor layer to emit light with electrons 
emitted from electron-emitting elements, the image 
display device comprising 

a vacuum container; 
a phosphor layer; 

a substrate provided with a cathode wiring 
made of a patterned conductor; and electron- 
emitting elements made by applying, to prede- 
termined positions of the substrate, a carbon 
ink made into a paste with an organic binder 
and a solvent, the ink comprising (i) cartoon par- 
ticles having a 6-membered carbon ring, and 
(ii) support particles for supporting the carbon 
particles, wherein the size of the support parti- 
cles is smaller than a longitudinal length of the 
carbon particles, and firing the ink; 

wherein the cathode wiring is patterned into stripes; 
the phosphor layer has electrically separated 
stripes that are arranged in a plane substantially 
parallel to the stripes of the cathode wiring and ex- 
tend substantially perpendicular to the stripes of the 
cathode wiring; and the image display device is ma- 
trix-driven between the stripes of the phosphor layer 
and the stripes of the cathode wiring, 
or comprising 

a vacuum container; 
a phosphor layer; 

a substrate provided with a cathode wiring 
made of a patterned conductor; 
electron-emitting elements made by applying, 
to predetermined positions of the substrate, a 
carbon ink made into a paste with an organic 
binder and a solvent, the ink comprising (i) car- 
bon particles having a 6-membered carbon 
ring, and (ii) support particles for supporting the 
carbon particles, wherein the size of the sup- 
port particles is smaller than a longitudinal 
length of the carbon particles, and firing the ink; 
and 

gate electrodes arranged between the phos- 
phor layer and the substrate; 
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wherein the cathode wiring is patterned into stripes; 
the gate electrodes have electrically separated 
stripes that are arranged in a plane substantially 
parallel to the stripes of the cathode wiring and ex- 
tend substantially perpendicular to the stripes of the 5 
cathode wiring; and the image display device is ma- 
trix-driven between the stripes of the phosphor layer 
and the stripes of the cathode wiring. 

9. The image display device of claim 8, characterized 10 
in that, when gate electrodes are arranged be- 
tween the phosphor layer and the substrate, said 
image display device further comprises control 
electrodes between the phosphor layer and the 
gate electrodes, the control electrodes functioning is 
to focus or to focus and deflect an electron beam. 

10. The image display device of claim 8, characterized 
in that the substrate is integrated into the vacuum 
container. 20 



mustermaiSig auf ein Substrat aufgebracht wurde, 
undgebranntwurde. 

6. Elektronen emittierendes Element nach Anspruch 
5, dadurch gekennzeichnet, dass in einer Aggre- 
gation der Kohlenstoff-Teilchen Leerraume, die ei- 
ne GrOfie im Bereich von 0,05 bis 5 urn aufweisen, 
durch Zersetzen der Trager-Teilchen gebildet wur- 
den. 

7. Verfahren zur Herstellung eines Elektronen emittie- 
renden Elements, umfassend die Schritte: 

Fallen der Kohlenstoff-Tinte nach Anspruch 1 
in eine mit einem Muster versehene konkave 
Platte; 

Obertragen der in die mit einem Muster verse- 
hene konkave Platte gefullte Kohlenstoff-Tinte 
auf ein Druck-Tueh; und 
Obertragen der auf das Druck-Tuch Ubertrage- 
nen Kohlenstoff-Tinte auf ein Substrat. 



1. Kohlenstoff-Tinte, die mit einem organischen Bin- 25 
demittel und einem L6sungsmittel zu einer Paste 
verarbeitet wurde, wobei die Kohlenstoff-Tinte um- 
fasst: 



2. Kohlenstoff-Tinte nach Anspruch 1, dadurch ge- 
kennzeichnet, dass die Trager-Teilchen aus ei- 
nem selbst-verbrennbaren Pulver hergestellt sind, 
das in ein Gas zerfailt, wenn es erhitzt oder ver- <o 
brannt wird, oder aus einem thermisch zerfallenden 
Schaummittel-Pulver hergestellt sind. 

3. Kohlenstoff-Tinte nach Anspruch 2, dadurch ge- 
kennzeichnet, dass die Zerfalls-Temperatur der 45 
Trager-Teilchen niedrigeristals die Zerfalls-Tempe- 
ratur des organischen Bindemittels. 

4. Kohlenstoff-Tinte nach Anspruch 1, dadurch ge- 
kennzeichnet, dass die Kohlenstoff-Teilchen we- so 
nigstens ein Material aus derGruppe umfassen, die 
besteht aus Kohienstoff-Nanorflhrchen, Graphit 
und Kohlenstoff-Fasem, die in Graphit-Pulver ver- 
arbeitet sind. 

55 

5. Elektronen emittierendes Element, auf das die Koh- 
lenstoff-Tinte nach Anspruch 1 an vorbestimmten 
Positionen eines Leiters aufgebracht wurde, der 



8. Bild-Anzeige-Vorrichtung zum Ausbilden von Bil- 
dem, indem man eine Phosphor-Schicht veran- 
lasst, Licht mit Elektronen zu emittieren, die von 
Elektronen emittierenden Elementen emittiert wer- 
den, wobei die Bild-Anzeige-Vorrichtung umfasst: 

- einen Vakuum-Behaiter; 

- eine Phosphor-Schicht; 

- ein mit einer Kathoden-Verdrahtung, die aus ei- 
nem mit einem Muster versehenen Leiter her- 
gestellt ist, versehenes Substrat; und 

- Elektronen emittierende Elemente, die herge- 
stellt wurden durch 

- Aufbringen einer Kohlenstoff-Tinte, die mit ei- 
nem organischen Bindemittel und einem L6- 
sungsmittel zu einer Paste verarbeitet wurde, 
auf vorbestimmte Positionen des Substrats, 
wobei die Tinte umfasst (i) Kohlenstoff-Teil- 
chen, die einen 6-gliedrigen Kohlenstoff-Ring 
aufweisen; und (ii) Trager-Teilchen zum Tragen 
der Kohlenstoff-Teilchen, wobei die Grfifce der 
Trager-Teilchen kleiner ist ais die Langs-Unge 
der Kohlenstoff-Teilchen; und 

- Brennen der Tinte; 

• worin die Kathoden-Verdrahtung mustermafiig 
zu Streifen angeordnet ist; 

- die Phosphor-Schicht elektrisch getrennte 
Streifen aufweist, die in einer Ebene im wesent- 
lichen parallel zu den Streifen der Kathoden- 
Verdrahtung angeordnet sind und sich im we- 
sentlichen senkrecht zu den Streifen der Katho- 
den-Verdrahtung erstrekken; und die Bild-An- 
zeige-Vorrichtung zwischen den Streifen der 
Phosphor-Schicht und den Streifen der Katho- 
den-Verdrahtung matrix-getrieben ist; 



Kohlenstoff-Teilchen, die einen 6-gliedrigen 30 
Kohlenstoff-Ring einschlielien; und 
Trager-Teilchen zum Tragen der Kohlenstoff- 
Teilchen, worin 

die GrOfJeder Trager-Teilchen kleiner ist als die 
Langs-Lange der Kohlenstoff-Teilchen. 35 
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Oder worin die Bildanzeige umfasst: 

- einen Vakuum-BehSlter; 

- eine Phosphor-Schicht; 

- ein mit einer Kathoden-Verdrahtung, die aus ei- s 
nem mit einem Muster versehenen Leiter her- 
gestellt ist, versehendes Substrat; 

- Elektronen emittierende Elemente, die herge- 
stelltwurdendurch 

- Aufbringen einer Kohlenstoff-Tinte, die mit ei- 10 
nem organischen Bindemittel und einem L6- 
sungsmittel zu einer Paste verarbeitet wurde, 
auf vorbestimmte Positionen des Substrats, 
wobei die Tinte umfasst: (i) Kohlenstoff-Teil- 
chen mit einem 6-gliedrigen Kohlenstoff-Ring; is 
und (ii) Trager-Teilchen zum Tragen der Koh- 
lenstoff-Teilchen, worin die GrOBe der Trager- 
Teilchen kleiner ist als die Langs-LSnge der 
Kohlenstoff-Teilchen; und 

- Brennen der Tinte; und 20 

- Gate-Elektroden, die zwischen der Phosphor- 
Schicht und dem Substrat angeordnet sind; 

- worin die Kathoden-Verdrahtung mustermaBig 
zu Streifen angeordnet ist; 

- die Gate-Elektroden elektrisch getrennte Strei- 25 
fen aufweisen, die in einer Ebene im wesentli- 
chen parallel zu den Streifen der Kathoden- 
Verdrahtung angeordnet sind und sich im we- 
sentltch rechtwinklig zu den Streifen der Katho- 
den-Verdrahtung erstrekken; und die Bild-An- 30 
zeige-Vorrichtung zwischen den Streifen der 
Phosphor-Schicht und den Streifen der Katho- 
den-Verdrahtung matrix-getrieben ist. 

9. Bild-Anzeige-Vorrichtung nach Anspruch 8, da- 35 
durch gekennzeichnet, dass dann, wenn Gate- 
Elektroden zwischen der Phosphor-Schicht und 
dem Substrat angeordnet sind, die Bild-Anzeige- 
Vorrichtung weiter Kontroll-Elektroden zwischen 
der Phosphor-Schicht und den Gate-Elektroden *o 
umfasst, wobei die Kontroll-Elektroden dahinge- 
hend funktionieren, dass sie einen Elektronen- 
Strahl fokussieren Oder fokussieren und ablenken. 

10. Bild-Anzeige-Vorrichtung nach Anspruch 8, da- « 
durch gekennzeichnet, dass das Substrat in den 
Vakuum-Behaiter integriert ist. 



des particules de support pour supporter les 
particules de carbone, dans laquelle 

la taille des particules de support est plus petite que 
la longueur longitudinale des particules de carbone. 

2. Encre a carbone selon la revendication 1 , caracte- 
risee en ce que les particules de support sont faites 
d'une poudre auto-combustible qui se decompose 
en un gaz lorsqu'elles sont chauffees ou bailees ou 
d'une poudre d'agent moussant qui se decompose 
thermiquement. 

3. Encre a carbone selon la revendication 2, caracte- 
risee en ce que la temperature de decomposition 
des particules de support est inferieure a la tempe- 
rature de decomposition du liant organique. 

4. Encre a carbone selon la revendication 1 , caracte- 
risee en ce que les particules de carbone compren- 
nent au moins Tun du groupe se composant des na- 
notubes de carbone, du graphite et des fibres de 
carbone realis6es dans une poudre de graphite. 

5. Element qui 6met des electrons, auquel I'encre k 
carbone de la revendication 1 est appliquee a des 
positions predetermines d'un conducteur qui a ete 
dispose en motifs sur un substrat, et est bailee. 

6. &ement qui emet des electrons selon ia revendica- 
tion 5, caracterise en ce que, dans une agr6gation 
de particules de carbone, des vides qui ont une 
taille dans la fourchette allant de 0,05 a 5 urn, ont 
6te formes par decomposition des particules de car- 
bone. 

7. Procfede pour fabriquer un 6l6ment qui 6met des 
electrons, comprenant les etapes consistant a : 

le fait de remplir I'encre a carbone de la reven- 
dication 1 dans une planche concave a motifs ; 

transferer I'encre a carbone remplie dans la 
planche concave a motifs a un blanchet ; et 

transferer I'encre a carbone transferee au blan- 
chet a un substrat. 



Revendications so 

1. Encre a carbone realisee dans une pate avec un 
liant organique et un solvant, I'encre a carbone 
comprenant : 

55 

des particules de carbone incluant une chaTne 
fermee de carbone a 6 elements et 



8. Appareil d'affichage d'image pour former des ima- 
ges en faisant qu'une couche de phosphore emette 
de la lumiere avec des electrons amis a partir des 
elements qui emettentdes electrons, I'appareil d'af- 
fichage d'image comprenant : 

un recipient sous vide ; 

une couche de phosphore ; 
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un substrat pourvu d'un cablage de cathode fait 
d'un conducteur a motifs ; et 



des elements qui emettent des Electrons reali- 



couche de phosphore et le substrat ; 



dans lequel le cablage de cathode est decore 
d'un motif en bandes; 



en appliquant, a des positions predeterminees 
du substrat, une encre a carbons realisee dans 
une pate avec un liant organique et un solvant, 
I'encre comprenant (i) des particules de carbo- 
ne ayant une chaTne fermee de carbone a 6 ele- 
ments et (ii) des particules de support pour sup- 
porter les particules de carbone dans laquelle 
la taille des particules de support est plus petite 
qu'une longueur longitudinale des particules de 
carbone, et 

en chauffant I'encre ; 

dans lequel le cablage de cathode est decore 
d'un motif en bandes ; 

la couche de phosphore a des bandes sepa- 
rees electriquement qui sont arrangees dans 
un plan substantiellement parallele aux bandes 
du cablage de cathode etqui s'etendent subs- 
tantiellement perpendiculaires aux bandes du 
cablage de cathode ; et I'appareil d'affichage 
d'image est entratne par une matrice entre les 
bandes de la couche de phosphore et les ban- 
des du cablage de cathode, 



les electrodes de gachette ont des bandes se- 
parees electriquement qui sont arrangees dans 
un plan substantiellement parallele aux bandes 
du cablage de cathode et qui s'etendent subs- 
tantiellement perpendiculaires aux bandes du 
cablage de cathode ; et I'appareil d'affichage 



bandes de la couche de phosphore et les ban- 
des du cablage de cathode. 

9. Appareil d'affichage d'image selon la revendication 
8, caracteiisee en ce que, lorsque les electrodes 
gachettes sont disposees entre la couche de phos- 
phore et le substrat, ledit appareil d'affichage d'ima- 
ge comprend, en outre, des electrodes de comman- 
de entre la couche de phosphore et les electrodes 
gachettes, ies electrodes de commande fonction- 
nant pour faire converger ou pour faire converger 
et deflechir un faisceau d'electrons. 

10. Appareil d'affichage d'image selon la revendication 
8, caracterise en ce que le substrat est integre 
dans le recipient sous vide. 



un recipient sous vide; 
une couche de phosphore ; 



un substrat pourvu d'un cablage de cathode fait 
d'un conducteur a motifs ; et 



des elements qui emettent des electrons reali- 



en appliquant, a des positions predeterminees 
du substrat, une encre a carbone realisee dans 
une p§te avec un liant organique et un solvant, 
I'encre comprenant (i) des particules de carbo- 
ne ayant une chaTne fermee de carbone a 6 ele-. 
ments et (ii) des particules de support pour sup- 
porter les particules de carbone dans laquelle 
la taille des particules de support est plus petite 
qu'une longueur longitudinale des particules de 
carbone, et 



en chauffant I'encre ; et 



des electrodes gachettes disposees entre la 
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FIG. 3C 
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FIG. 4 
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FIG. 5 



20 



EP 1 020 888 B1 



43 



41 



48- 



~%4 



45 



42 



FIG. 6 
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FIG. 7 
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